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to conclude, that the elefFric current moves always 


. us 
Mr. DENJAMIN v WILSON, ERS. 


PA f. & 1 
Rs ; 
tics Mr. * P 1 N v 11 
SON: 1 by 


. OY W 


Have not had the fordgres hearing from us? ines 


4 I cent you ſome experiments upon Gem ſimilar to 


produced by the Tourmalin, which induced me 


wlong the grain thereof. It x ore agreable to 
communicate new experiments to you, be- 
cauſe from the leaſt hints the greateſt diſcoveries 
haye been made; and what may we not expect 
from that curious obſerver of nature, who firſt diſ- 


covered theſe extraordinary qualities in the Tour- 


mali, Rene have ſince excited the attention of ſo 

7 but treatiſe upon this tone, publithed i in 1762, 
* to be the you formerly mentioned in a 
letter to me. The remarks at the end of that work 
intereſt me in a particular manner, as they contain 
ohjections to ſeveral parts of the letter to Dr. He- 
berden. I am obliged therefore to ſay ſomething 
in the defence of my own experiments and deduc- 
tions, which I hope will merit your nden, and 
remove your difficulties. - 


In 


4 4 Finn; with b the 

in as were moſt proper to anſwer your ob- 

ee I accidentally obſerved an appearance which 

= riſe to ſome new i fi . 6 

and of one eg agg in electric reſear 
iſco 


Theſe veries . Kan "YH Fquainted. wich, | 
before I conclude this letter, that 1 may have the 


pleaſure. of bearing yout ſentiments Concerning 


them, the ſooner. 


I am glad to find we “ ngtre in admitting what are 


called the two ane of electrici ths , whereof 


oonſiſts in the augenentation of the electrie Haid, and 


the other in ĩts diminution. But ſtill, notwithſtand- 
ing the experiment made with the bene tube in or- 
der to determine that intereſting , you ſeem 


to doubt which of theſe is en e 


minus el 44 


| ES r 


— 


. Mr. wWücon a 5 no te cou 
8 dꝰlectricitẽ, dont l'une conſiſte mk 2 
Pautre dans la diminution, de la 99 'natutefle- du flitide 
clectrique. C'eſt une queſtion qui intereſſer chaque kung. 
e de Me. a0 Fay, ol ts poiine, . tle ch ch wigs 
þ ule de . a ve, 
tive ? Quant à moi j hots, il y a long tems, dans mon Ser 
s fimilitudine Leeden et agree que je he connois aucune 

experience de mylord Charles Cavendiſhꝭ rapport ici et perfec- 
_— par Mr. Wilſon, "we: ſemble laiſſer müde ant In choſe 
indeci . 95 

+ Quant à rop ſition 4 4 eſpdces PacAricits;* je con- | 
viens qu'elle eft fort Clairement”prouvee par Vexperience'de Mr. 
Wilſon, et par ce phẽnomdne, que la . ole electrique eſt beau- 
coup plus vive qu'ailleurs dans le vuide, aux ſurfaces ſuperieures 
des colomnes du mercure, (juſqu's e comme des . 


. 


7 $54 IS 


oppoſitian of the two 
| appearing at WY; 


+ * #33 BT Lig 128 


＋ 


2 5 £1 2 
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. "ps 70 
E the quickfilver; When Ane er 
&; und at the under ; when one elec- 
Ge with war, or ſulphur; bot that, in yout 
„is all hich can be concluded from it. You 


declare, that was you diſpoſed to argue againſt 
mme, it would be in this manner. 4 e to 


in 


e e eee er que 


| bes boutons ſe trouvent au contraite aux ſurfaces infericures du vif 
argent quand on ſe ſert di un baton de cire r 
ais ſelon moi c eſt tout ce qu'o 1 5 conclure. 
comme je raiſonnerois, ſi Javois er contre Mr. 
- Wilſon. II eſt facile de concevoir, = +. orphan Hah 
tout un fluide 4laſtique, ou dont les parties Fa repouſſent mutu- 
element) ſort d'un corps, le fluide, dis-je, doit etre plus denſe 
N la ſurface d bd il fort, que Ia, on il trouye plus de li- 
de fe repandre. La ſurface done, proche de Ia quelle la 
| humiere (lectrique eſt la plus vive, doit exe celle, rg» anon 
> TA ee eee 1 
+ raiſonnemens, n'ont ils pas autant de probabilits, que 
ws "ts Mr. Wilſon ? Mais ne prouvent- ils pas directement le 
Sontraire de ce que Mr. Wilſon a avance ? Ne'prouvent-ils pas, 
que  Pdeftricite reſineuſe wn ener poſitive, et 
* vitres la meme que la negative ? 

Pour dire le vrai, le ee dont je me ſain wi, me 
bembie preſque avoir plus de We que celui de Mr. 
Wilſon. II eſt inconteſtable, que la matĩère E ectrique entre tres. 
Ibrement, et ſans éprouver une reſiſtance conſiderable dans les 
metaux et autres corps non EleQriques, comme le prouve- 
'rai- clairement tout à Theure. Le raiſonnement 4 Mr. ilſon 
ſemble par conſequent, etre fonde, ſur une hypothiſe gra- 
tuitement admiſe, favoir, que la matière dlectrique s accumu- 
le la ſurface du vif argent, paroe qu elle n'y peut entrer libre- 


7 bu 


nds pourtant pas prouxer par tout cela, qweffectiye- 
* 1 eQricite rẽſineuſe ſoit la meme que la poſitive, et la vi- 


tte au contraire la mème que la negative. Mon unique but 
. eſt, de faire comprendre, que cette hy "+; ar gear Aw 
nn que ale pour aquelle Mr, Wilſon s'eſt declare. 
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% cdnceive that when an elaſtic fluid iNGues from a . 


This reaſoning appears inti a 


\ 


body (as from the quickſilyer in the bent tube) it 
. will be denſer at the ſurface from whence it iſſues; 


« than it is where it finds more liberty to expand 
« itſelf. And therefore the ſurface near Which 
« the electrie light is the brighteſt, ſhould be that 
« frorfi whence the fluid iſſues, which cauſes thoſe 
* luminous appearan ces. 


1 


I am at a loſs to comprehend Why an'elaſtic fluid 
confined within a tube, whoſe ſides are ſuppoſec 


parallel, will be denſer at the ſurface of a body from. 
whence it iſſues, than in any other part; ſince its 
expanſive force muſt in that caſe be limitted by the 
fides thereof. As you have not given any particular 
experiment to prove what you aſſert in this caſe, 
you will therefore give me leave to differ from you 
in opinion. If, as you ſay, there is really more 
liberty for an elaſtic fluid to expand in any other 
part of the exhauſted tube, than at the ſurface it- 
ſelf, you muſt produce ſome evidence in favour of 
that opinion, before it can be admitted. On the 
other band, I ſhould have thought, if all ne is 
ſuppoſed to be removed: from within the tube, the 
liberty, for the fluid to expand itſelf, will be equal 
in every part; "reckoning from the ſurface of one 
column of quickſilver through the whole void, 
to the ſurface of the other column of -quick- - 
filver. - „cc Ee TIE op 
As I am for ſupporting this opinion, let us exa- 
mine it more particularly, and attend only to the 
appearances which glaſs affords in certain circum- 
ſtances : becauſe when the direction of the _ 
WE | \ 5 2 


{bo 9 


e ere sd M which E cast 


by wax, amber, or reſin, follius af courſe. 'The 
ele&ric fluid, when it is emitted from any ſmooth 
ſurface df metal without edges, or angles, appears, 
in certain crcumtances, to Ide from ali arts of that 
ſurface equally. This fact, I is ſo well 
eſtabliſhed that it necds no f A 
Now the column of quickfilver being confined 
the ſides of the glaſs, which are ſuppoſed par- 
el, the tap of he quickfilver will anſwer-: to 
the ſmooth farface deſoribed. The electric fluid 
Shitrefort that is to paſs from it, into the void ſpace, 

vuvrhich it of the ſame diameter with the column of 
 quickſilver, will move forward within the hollow 


of che tube to the next column of quickfilver. | 


And-ſince ao reſiſtance is ſuppoſed to be within any 
| Part of the vacuum, there can be no cauſe for an 
accumulation: conſequently when the fluid is fu 
fered to-paſs along the tube, the appearance ought 
eo be the, der at the ken that is in every 
void fpace. experiment 
— is a greater quantity of * T- ſe- 


_ condi{urface'of the 
A 2 (when : glaſs derives the firſt co- 

n) and that this light which appears ſo denſe, 
ends itſelf 2 an inch from the 
ſurface; ' Wbereas the light extending all along the 
intermediate 'hollow of the tube, appears to be 
mach.-thinner; and rarer, and of au uniform 
denſity. I conclude therefore that this luminous 
accumulation at the ſecond ſurface is cauſed by a 
rgfitance exerted at, or near, the ſurface of the 
W ickfilver; when the 2 85 flui * from 
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- 


„than in any other 
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appen, but in 2 con 
E. ee e and applyed to 


refiſtance, w 


L* 1 
b that electrifies it, is puſhin e 
E ſecond column of quickilver. F GRAVE YG 
At the time I related this exper t with the 
bent tube in the letter to Dr. eberden, I omitted 
certain phænomena, which attended the experi- 


ment, grea greatly favouring the doctrine here advanced. 


If when is electriſied, and 
column, wo ſuffer the electric 


ed to the firſt 
to paſs along 


the tube in ſmall quantities only, and at ſhort in- 


tervals, little luminous ftreams will be ſeen to 


move from the firſt to the ad column of quick- 
filver, and agg from the glaſs. The like 


trary direction, 


the ſame column. Glaſs therefore electrifies plus ; 


or fills bodies with more of this fluid than * 


them naturally: and reſin, &c. vice verſa, 
When you ſay, ag hs e to have as 
much probability as mine, I believe. you do not in- 
clude your obſervation, that the electric fluid enters 
with great freedom, and without any: confiderablerre- 


fitance, into als and other hon-clefieic bodies. Be- 


cauſe the w 


'3: any able refiftance, nw 
n ky al that is eee or ad 
2 ſmall re/iftance will occaſion very extraordinary 
= as I ſhall be able to ſhew by and by. 


| There is. no occaſion to trouble you with any further 


arguments to prove this 'refifance; of which your- 
ſelf ſeem to entertain na doubt; eee gen; 02g 
cauſed by CU OFT: 


182 


in your ſecond remark, . 


g ide impermeability 


* 


we fi it a 1105 

. fur lequel, a 6 
r. Wilſon a eu envie de ſavoir mon ſentiment. C'eſt la 
P de Vimpermeabilits du vetre. On peut bien ſavoir par 
mon livre: Tantamem Theoriae Eleftricitatis et Magneti/mi, ce que 
Jen penſe, et que bien que je tombe accord avec Mr. Franck 

die, 7e Peribebes de de lopermbabllcs, 5 differe - ps 
beaucoup de lui, par rapport a rs autres points. * 
rot done pas à la verite nẽceſſalre, d'expoſer ici de nouveau mon 


ſentiment, nearimoins j n I 
rien defirer a ceux q 2 N 


122 . wp at x gps au- 
tre, et partout on Pun des 
; et Padearicite detruĩte dans tout le gg put gay 
avec la meme viteſſe, qu'elle avoit &e produite. 
au contraire de la meme fagon un tube de ver- 
NN n 


ee eee e Hanilin ® as to 
. irrer Ti A Wr 8 ' 0554 ? | the. 


Fun clein d'oeil non ſeulement n 


1 & 
- * 
- 
6 N * 


-  420ax, and m_ lar bi bodies, more ſlowly and with 


« ws] 
we ebener f N e e 3 
ſer from him in many other point: and refer to your 
Eifay upon the Theory of magnetiſm and eleFricity. | 
You then relate two ex N- one with a wire, 
and the other with a glaſs tube, or cylinder of wax: 
and obſerve that the St may be eaſily electrißed, and 
the latter alſo, though with great difficulty, to any 
conſiderable length. You then draw this concluſion 
from the two experiments, that the electrie matter 
pervades metals and other non- electric bodies, and ex- 
pands itſelf in them with the greateſt eaſe and rapi- 
dity. But that on the contrary ir paſſes through glaſs, 


much greater di 
This concluſion, Piead of eſtabliſhing the imper- 
2 of glaſs, moſt evidently affirm the con- 
: for thouph; according to your obſervation, the 
| fivig paſſes more ſlowly and with much greater diffi- 
culty through glaſs than iron ; your admitting tha? it 
does paſe at all through the glaſs, ends the diſpute, as 
to the point of permeabriity : and at the fame. time 
 efabliſhes my dockrine of re/tance; at lealf 1 * Slate, 
and reſinous ſubſtances. 

In regard to my experiments upon the n | 
1 7 2 ther. an ſecond creſpond with Jour. 
yu tre 215 immẽdiatement et base — FR 

rTIENCE., 

. ee corn tlie ende eux mimes,. elt ſelon 
moi la meme que celle, que Francklin a appellée dun autre nom, 
 impermiabiliti, Au moins, * ne ſais conſiſter Vimpermbabilits 


rien autre choſe, qu en c 
"Je viens aux — — de Mi. Wilſon. Ia preraicre et 


la ſeconde Teen tout à ſalt age REI) 2 


Ty ROY beat! . 

"diſcoveries x bot hat thoſe fem d 3d to the Gch 
40 not agree wich your eee 
ee a 94%) 12 u LIN L311 $ 4 en 


* 3 6 1 4 3 . . 
4 * 9 NN * "AIP" * bs "3 3 12 1 5 *. N LE 


a 46s ts mnline; de ene qu ſuivent, depuis la ies 
e e , d'etie diſcutecs avec plus de 


1 &tabli” comme une loi conſtante, de VaeAricits de la 


e Que celte pierre off toilf fours dam Petar cuntraire (cg 


2 dire, gue ſon edit 'pofatif, eff ni llectrigue, et le cott ni · 
| exif Irena) quand we re cotis, quai gui il foit, oft plus 
_ hand que u'elle ne retourne dans ſon ttat eyes qu apres 
la .* $ of 4 ribute uniformement en elle. Par les experi- 
= e r a Tourmeline, quand elle oft chau 
fait diffErente, r 4 . efl e 
inigalement,” der deu cates, 4 Peſpice d theftricut, gui eff — 


4 E des. 2 e 


„EL quand c es 
22 dans ſon el, 2 
8 2 9 — — 3 Cette ſcat anc nd ls 


aucune fagon avec celle que)'avois avancee. 


afſertions, et de leur parfaite ec Pexpetience; je ne pouvois 


ſort din cilement me reſoudre, A 5 de Vexacti- 


due des experiences" ſaites par un auſfi habile Obſervateur, que 
Mt. Willon. Jai donc mieux aimẽ ſuppoſer, qu'l y avoit, dans 
la maniere, dont Mr. Wilſon et moi avions procede dans ces ex- 
periences, quelque difference, qui put etre la cauſe de la diffcrencs 
: i ſe trpuve dans nos reſultats. Je croyois ala verite de trouver 
| 5 une circonſtance fur la quelle on pdt fonder quelque 
"C'eſt que moi javois to jours poſe la 

n e adi ou fur une plaque. de metal ou de verre 


Encore que je fuſſe tout à fait convaincũ de la juſteſſe de mes 


n au contraire, it faut Etablir une regle tout 


1 00 


Echauffee, de fagon, que fun des © la pierre, avoĩt toſjours 
toũchẽ 2 quelque corps. Mr. Wilſon au contraire, 'en/6chauf-. - 


fant ern ruin y a procede tellement que la'pierre n jamais 

2 Form mk une circonftance,. qui aſſe z 

| pour avoir TENT r ern, 
eres ew tele 


"3 F 1 2 A 4+ 
E . * 2 4 4 5 
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Plus on both fides, when the 


1116 40 


then declare 3 have eſtabliſhed this, as, A.con- 
ſtant law, namely, that the Tourmalin is akvays in 


an inverted ſtate ; that i 2 its plus fide is eleriſed mi- 


nus and the minus fide plus, whenever either of the fides | 
it botter than the 6: and that it does not return to 


its natural ſtate, until the heat is diſtributed uniformly 
therein. My experiments on the contrary, you h 

ſerve, lead one to lay down a rule intitely different. 
viz. That the Taurmalin, when itt fides. are une. 
gually beated, exhibits the ſpecies of elettrieity wobich' is 
natural to the hotter fide, that is, the Tourmalin is 
beats is the botter ; and 
minus on both fides, when the minus fide is ſo: but that 

it returns to its natural ſtate alle when the heat is uni- 
formly diſtributed. To account for theſe different opi- 

niche you think it more agreeable to ſuppoſe ſome dif- 

ference in our methods of making the experirnents;than 
to queſtion the facts I have declared. Accordi : 
obſerve one circumſtance which would naturally give 


riſe to ſuch a ſuſpicion. And then tell us, that you 


COT burning coals, or 

te of metal, or heated glaſs: that one 
fleof e fone was always in contact with ſome (or 
Ne body. That I, en the.contregyy, eee 


eit elle qu me force et W autorife d declarer, | 
que j'ai avancee, eſt la ſeule, qui lui ſoit conforme. Rh 
— — la meme manigre E 12 fal. 
elle ne toũchat A rien, mais pour le | 

= cela, toijours trouve conforms I arg, pre - 


| fade fur celle de Mir. 0 Wilſon. 


Je le repete encore; il m elt extremement difficile, de | 
Mr. Wilſon ſoit tombe ici dans une mépriſe, jo 
TAs conidia. que de ma part, fee 
e wt 


k , ; 
l : 
" oy 


(non electric) body. 
Hen. y you, is a circumſtance that ſcems of c con- 
ſequence 2 to cauſe a ſenſible difference; and then 
you appeal to, the experiment which is to decide it: 
adding at the ſame time, it if « 2 that obliges 
and authorizes you to declare, that the rule advanced 
& $6, is the only one that agrees therewith. Now 
be petiment tells us no more, than that you 

Ne Tourmalin in my manner, taking care 
as you xpreſs it) that it was in contact with not bing. 
notwithſtanding this, that you have always found 


_ the FO 0 your rule, nnn time 
to mine. 


From your deſcription of this experiment, ; your 
am 


| exact method of making it does not appear. 


inclined to believe ſome material circumſtance has been 


| 1 8 
. . tially tz ( you to have had a 
to ſome of the berge ee for re 
experiment properly:) I cannot appre- 
w_ why you ane able to ſucceed : becauſe 
the experiment always anſwers with me. Perha 
the differente in the fize of our Tourmalins 15 
have contributed towards cauſing the different effects, 
The Tourmalins I em loyed in the experiments with 
the flame,” are above fue times larger than yours :' and 
mult therefore equire a longer time in beating. Now 
the degree of — given to my /arge Taurmalins, 
was much below that of 'boili 4 und there 
pope, Fr that the ſmall Tourmalins, {or Sep 
made ber wm "they, by A 


1 
eon 


dhe Tap ee never « fuffcred it to 101 in cats with 


* — 7 I 


. 
1 I de Babi mari EY» 
Jince a difference of beat, between the tuo fades, Wi 5 
folutely 777205 it 1195 NN that this difference 
be increaſed as much, and as ſuddenly, a. th nature 
. the. circumſtonces will mm. 6 
* u follow. this ruſe, 1 apprehend. you will be | 
| el to ſucceed: but that you Lo be the bet-" 
ter Re to make _iny experiments anſwer, it may 
not be amiſs tq relate them again. in the manner they. + 
were lately repeated, and frequently, 1 two 15 
Tourmalins,. before ſeveral members els 
Society . of _ London, * een 
9 5 of , 19 
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Aer the conuex fide of the Tourmalin 6. fig- i, 
Tab. XXII.) has been held fs a ſhort, hs about 
55 tenth. of an inch, from i of 5 

bath fides thereof are, "eleftrif 
tinue ſo for half a minute or N Fre o 
ſhort time after, the ſame Taurmalin, without being. 
heated a freſh, or diſturbed by any other cauſe than 
Nos the air ſurrounding, returns do its natural ſtate 
a v was ed 92 EN. is, abb ge Tesa to 
m, and the conveæ ide remains eſe 7 
b continue whilſt, the Tour malin is codling IS 
| 3 heating the Tausmalin again, an Eh 615 

3 lain fide was now next puck ue 

both Fe thereof were Merten Ay wg Wo 
Ge for half a minute or more and in 1 10 Bont 8 
time 


| 1 = | 
: after. the 3 Tourmalin; without being heated 
| wh or A by any. other cauſe but that of 
Kir facronndi ng, . retutned to itsnatural ſtate again; 


ym the derber de Changed to plus, and the plain 
fide. remained as | yr I 


7 7205 of the Toi matt that were employed in theſe 

- Grpe , (mated b) belongs to Dr. Heberden; and 

_ the ſame I formetly made uſeof: butthe largeſtof tbem 
Nu put into m 8 EE by the favour of Dr. Mur ron 


Royal-Society, of London, who re- 
Avec R Hom Mr. Loton F. R. 8. 
te governor of he Iſland of ' Olen. This ſtone 
"weighed about one hundred and e Tight grits: grains: but 
the form thereof not being the moſt ' favourable 
experiments, I had permi ion to faſhion it into Furs 
ape as would anſwer the purpoſe beſt, For this end, 
alterations were made therein; and at, one time, the 
. Eledic poles (if they may be ſo called) were pretty 
nest in the longeſt direction of the ſtone, and at F 
another time, in the ſhorteſt. Theſe trials terminated 
in the form and fize, nearly, as . e ted by the 
the 


letter 4, fig. 4 : and the direction poles is now 
in the ins cha can be drown. between any of 
111 lite des. 


ye to obſerve, that when chin Trtwalin'is held 

the eye and the light, and viewed in the 
= though which the electric fluid is found to 
Past, appears of a dar ler colour confiderably, than 
When it 1s. viewed at right angles to the former direc- 


tion. This ap obtains in many other Tour- 
* maling, 


. 
1 922 | 
lain prey wh Ae 
From, 24 Tourmalin, 45 1 Binted at; 
it is enough to reconan ft Lare, e 


the leaſt degree of N 20 e ee mult - 


: be ſo managed, that there may. be 4 whe '://- 1 
— nity," _” 


4 candle is found to 1 5 


Give ine leave, in this IEEE | 
82 the apparatus you N N i theſe 


criments, as-it do Ketn'the 
beſt calculated for fi As e a 17 aft in oft | 
climate, which is certainly a than yours: © 
The. The. inſtrument firſt deci, e onfifts 825 bat 
dier 12 inches long, fixed fpon e fm 
dne arm of which, Sr INE is falſe 
pended, by a fl ſtring, a ſmall cork baff: bit 
e prener de Gre/infirwniens- oft Mptstentt 8 7 
e e 8 edge en * 0 5 
d'un de hauteur. ton avoit au ** X 
WD. au HOW 5 ae Ie 1&vier A brit Ne 1 6. G. 


Een dn en wa Saane bride's e. 
avoit la longueur de 25 8 Aae l. 
ſtrument pour pouvoir fuſpendre comme ne «pode Hh 0 
Te, tevier FG. Etoit un peu mobile, afin Te | 
re ag — 
morcealu 


uſſer ou baifſer un peu Te 
Je pris un M de foi 2255 * le bm m 


de k — de lag 7 Doe bai . . 
ueur 21 de- A env 14 
pended: AVEC : de la cre un des B Vow d we „Dur un 


autre petit pied quarre MN, And 18 — | 
Je mis dans — — 'verre'© 3 — 5 | 
. pouces de dont le haut ſe términoig 2 
phere OR, de deuxlignes environ. II eſt tits-facite de fe co 
tube en ſoufflant une petite boule de verre, comme on 5 
faiſant un Thermometre, et en briſant enſuite cette 8 | 
a moitie, Je me ſers dans les experiences de cet 1 ENS 
pour'y poſer la Tourmaline, . libremeat. 150 


| [29 ]; 3 
1 ballance is 1 

1 mo ments Uſes in the ira ll, Tap) el kn 

male ſane di in the iment. "Aba if 
the carl j, s you lay, the ſize bea, it will de a 
| WY 39 jeaion wi ithme: and the mores, if it's 

* to bem NAN Voter 3 

move it, in ſome of my experiments, is too incon- 
derable... And 1 thould* imagine « the hallance itſelf 

ky: very: nicely adjuſted ; becauſe fuch an in- 
the cork, by moiſtening it (8 

> to time, ought to make*it not 

but unſteady; as an evaporation 

70 9 is N making ſome ne 


atus ca for ny eps 
4 . deſcribed, EXC 
Et which i the fize of the pi 4 
Aa ne theſe are about the e par of a pea, 
'his ſmallrieſs, nevertheleſs, does not require any n moif- 
ture to retain the electtic fluid, as the ee 
With che fineſt auen threads, and threads with a 
5 ülender piece of wood, about one inch long. and the 
Freater p ct one tenth of an 9 A thoun ples 
by ded off, is CET ls ed apon th 
of acylinder of amber t that 
a oj be do miſtake in ns 9a oh of, 
I have ons . and deſcription of rug one 
I uſe at 0 Lat any time want 
examine the is” of the Turmalin, it is brought 
de u the eleArified balls i in an bockzontal 


-:: Your glaſs Land dems liable to an Aion. unlef | 
Exc gs ſand fer ha pit, wah | = 
gs W Wei 1 8 in very delicate | ft 


"43 19 * 


oy 


ent to fix the Tourmalin at t 


9 


C at 1 
Ain: ths 


7 1 ir n to Wel a0 vourab 
1 alteration; by the moiſture condenſing upon it. 

WWe are not told of what materials your e . 
were made, but I ſuppoſe of ſome cleciric ſubſtance ; 
neee in removing _ Tour malin- weed A to 
time, they may interrupt the iment, uct- 
ing aut e fluid. And 3 95 

of an electric ſubſtance, the undyoidable friction may 
poſlibly diſturb the experiment. I have therefore 
always preferred a * N 0 WI rr 


pour e 3 f + 940 x 
I hall now N with al lei 1 TP in 


* 
. . 
= 
. 


the beginning of this letter, to acquaint you with 


ſome fimple and intereſting experiments upon. the 
Tourmalin : moſt of them were made during the 


froſt in Novy. laſt, in conſequence of an appearance 
which I then obſerved accidentally. 1 


With me it has been 1 + foond dt conveni- 
the bardeſt kind of Sealing-Wax, an Iwhen am not 


a b flick of 


uſing it, to put the other end into the top of a - 


dleſtick, or other ſuitable land; that the fone may 
be the leſs expoſed to any kind of friction (See- fig. D) 
And it is a rule. with me never to take hold of the 
_ Sealing-wax, or even to touch it, but by that end 
(d) the fartheſt from the Tourmalin. - One day on 
“ Jemploie encore de petites pincettes ABC, pour ne pas 
toucher la Tourmaline avec les doigts, et je ER toujours par 


les cõtẽs, comme il eſt indique dans la Fig. M afinque la pierre 
en touchee le moins qu il eſt Fass par by (PA corps non EleQri- 


Il faut encore avoir un 9 de verre et un biton de cire 


tout prets, examiner de la maniꝭre 
: Fe nou nous 8 plus basYel Tei N W par la 


1 * 


. 


ed eee e eee to repeat, 


mme 3 we have here been treating of, I 


obſerved it was eleftri d; though no cauſe for its 
being ſo then ap 
air, in rn being not ſufficient to pro- 


duce that effect. And 1 muſt here take notice, that 


many months before this fact was aſcertained, I fre- 
quently ſuſpected the like appearance: but t happened 
at thoſe times that the effects were ſo uncertain, * 
appeared ſo accidental, that I did not Wanne 
ſerved attention Þ. 

In tracing out the cauſe of this appearance, it ſeem- 
ed moſt neceſſary to obſerve. the changes in the air 
= e ene "ie paſo n 
changes cauſe manifeſt alterations in 

e e ne 8 Ms 3 


. EXPERIMENT 1. 1 


; i a room with a ſouth aſpect, and where no fire 
- had been for ſometime, Farb. Therm. ſtood at 42. 
'The Tourmalin was in the ſame room, and had con- 
tinued there ſome hours, undiſturbed, without ſhew- 
ing any figns of elefricity. On removing the Tour- 
malin into à warm room carefully, and the Therm. 
along with it, in leſs than inutes (the Therm. 
having riſen to 47)the inet tas of the fone ſhewed 


1 N. B. The experiments upo n the Trurmabn Mr. E 
"us, which reſpect the heating * cooling of its 2 7 rh, 
when occafioned by violent and artificial means, are, it is app 
"ed, very different from the ten following experiments; tho 
alſo reſpect an equal heating and cooling of the ſtone; beca 
the 1 Ex beat 8 is not only extreamly different, but 
"a PRO Te 
[396 th her art; 


: the frictionariling from the 


— . $a v4 8 . OO 


entirely di 


1 22 mY „„ 

4 minus, and the plain fide a plus, electrieity. Thais 

$ increaſed for a time, and then decreaſed, till chey 
ed. When this happened; the Tawr- 
malin appeared to be of the * in reſpedt 

de warmth, with the room; and the eee e 

5 raiſed to 58. 

N Tbe ſame degree of warmth, or Geri was 
continued in the room for thirty minutes and more, 
without cauſing any alteration; for the TIER 

afforded no electric 3 n 0 


EXPERIMENT n. 


I then removed the Larne "with ths Therm... 
into the cold room and with equal care®. The fone, 
ſome little time after, ſhewed ſigus of electricity again: 
but then, thoſe ſigns were contrary to what had been 
obſerved before. For, in this caſe, the convex fide was 
Plus, and the plain fide minus, in nearly the ſame time; 
and theſe ſigns encreaſed alſo for a time, and then 
decreaſed, till they entirely vaniſhed. When that 
happened, the ſtone appeared alſo of the ſame temper, 
in reſpect to coldneſs, 3 with the room. And the 
Therm, was fallen to about 42*. During half an 
hour, or more, after that time, the Tourmalin ſhew- 

ed no electric ſigns e nor did che 2 | 
fall any lower. 


1 is indifferent which Ge of the les e 
rr | | | 
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Not content with this laſt diſcovery, I removed the 
* Tourmalin and Therm, into the open air. In about 

| __ _ three minutes, the Therm. having fallen from 42 to 39, 
the Tourmalin was electrified again, in the ſame man- 
ner as in the laſt experiment, But when the electric 
ſigns diſappeared, the Tourmalin and the air were 
In this caſe alſo of an equal temper : at which time 
the Therm. had fallen to 34. The fone was con- 
tinued in the open air for half an hour or more, but 
no further electric figns appeared. + 


® a 


. 1 - 
2 a4 - os ; 1 
— * 324 — 7 


" "EXPERIME N r W. 


Onrxeturning into the room wherethe firſt experiment 
was made, the electric ſigns were ſtronger than in 

_ . of the preceding trials, and contrary to the two laſt; | | 

for the convex fide was minus, and the plain ſide plus, =_ 

Which agrees with the appearances in the firſt ex- HB 


periment. 


” 


EXPERIMENT v. 


When the Term. fhewed the Nate of the out- I 
Ward air to be confiderably tefs warm, than what au- 
ſwets to the degree ut Which water is fixed, the ſame | 
changes happened, by carrying the 'Tourmalin from | 1 
it, into a room, where the Quickfilver ſtood at 3412 
and afterwards, from thence, back again into the ofen 
=" >. Skis Att | 


- morn 


X to find them tending fo ſtrongly to eſtabliſh the ex- a 
iſtance of that * ſubtile medium *. "This doctrine re- 


ceives a further confirmation from the . 
that follow. 5 N 


a4 


Fre er to ſhew that the warmth, was conveyed T9. 
through the vacuum, by the vibrations of a much 
| ſubtiler medium than the air: and had theſe laſt e- 


fogg, which you know is the worſt of weather for 
electric experiments, the Tourmalin afforded the ſame 
appearancesas before, By moving it from one room to 


1 Iſaac . Newton carried; f two Thermometers, pe- 5 
_ out of. a.cold place into a warm one, 


riments upon the Tourmalin at that tiche been ; 
nown to him, be muſt have been HO ſurpriſed 


3 2 Er * 64 he ** * 5 84 a 
3 * 4 * 92 


BXPERIMENT VI. 


About che middle of this month, e e the -- 
wind being full ſouth; and the air loaded with a thick 


another; and even into the open vapourous air; not- 


withſtanding the unfavourable ſeaſon : bot then, * 


1 were W 


BXPBRIMENT vn. 


„In cherhaftwet ala, and 
ſhowers of rain, l 
fourth 


frequent heavy 
repeated rags + ſecond, third, and 
ts. And though a bs, 


was not very ſtrong, E e 


as toakcertain the fac 
ee on. page, x5 


1 519g 
tar CY 


2 being acquainted with the precedin 
. not wonder” that the . 

_ afforded the n in | 
_ open de ait, che ſun- ſhine into che made 
and again, from the ſhade into the ſun-ſhine, 
'N Ar in che degrees of warmth, 

| of caufing ſuch appearances 2 
— — 2 more particularly p 
Mr. Brawn and yourſelf have wort a+ in en 
of Quick-filver: and therefore T cannot now 

you in calling thay 'the netural ft fate of the 7 = 
: aich aden e ee e bvikng water.” 
bak? LOND © SEU MALE THERE 
$1629 J% | $0442, 
acl N E I'M ENT N. > 400 


pears by the p preceding experiments, that when 
nalin was of the ſame temper N 


— — 1 


dhe different rooms, there were no electric ligns to 
ved. From which we may underſtand, if : 
ke heat of the vir ſhould'be increaſed, even beyond | 
chat of boiling water, a Taurmalin expoſed therein 
"Fora. time, Would afford no electric fl zns ; that js, 
None continues of the 3 temper with + 
[ ve lately cauſed t the heat of the ait to be 
in a condenienr room, beyond the degree of 
: 5 oor Sen to 108 : and then placed tao Tour- 
- "nating; in the ſame room, very near the Thermometer, 
wichen being able to c obſerve any clectric effects; that | Wy 
W e 55 DE: 
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BE a very nice examination, nd 4 4 

vourable opportunities, I have obſerved: Hh 7; ourmolin 

RM he feel eleftrified, when. the Dun en 2 
daun only one degree, 

The ſmallneſs of the force hw. 1 10 26 

thoſe manifeſt effects, and even them by natural means 


2 only, is a new diſcovery, and, puke. deſerves the 


attention of philoſo Beg ad 

In my firſt and ng letters upon the Tomas 

there are experiments that give us aſſurances of a 

flux and reflux of the electric Gad. ar ether, at different 

times, even without artificial means tooccafion it. And 

I did not ſcruple to advance that doQrine,.as appears. 

from a paſſage in the opticks which I quoted in the 

ſecond letter, ſomewhat favouring the ſame qpinion. 

This you fee has happened to be a fight conjeRture ; for 

- theſe laſt experiments, are TIN ſo cleat and 

; ANT, that there is no room left for a doubt about 

And I do. hope they will lead, zo ſome. uictul 

Allocveties For theſe forces, howeyer ſmall they may 

| on are probably ſufficient to anſwer "AY. great 

rpoſes in nature, _ ar FI 
© Ven conſidering the effets. which Heat and cold 
on in the Taurmalin, it may not de im improger 

18 to obſerve, that all bodies we are acquainted with, 

are dilated by heat, and contraded by cold; and when | 

they acquire the ſame temper with the air, whether 

"jt. be hot or cold, the ſame ſtate of e or con- 
96 continues unaltered, * 


Th 
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. 1 25 iN 
ae Tnrmali we fad, 6 Aiturb- | 2H 1 
ed on all fides;-by changi the temperature of the | Wy 'Þ 
air ia not only clectriſed, but ſheus two : oppoſite _ 
e That is, in paſſing from a gest. 1 
tui a leſo, deg f Katmth, it is electrified in one 10 | 1 
manner; in from a leſs to a greater de- 
giee of warmth, it is electriſied in another manner; | 5 
which-evidently ſhews, that there is ſome power, be- £2: 7 
cba ta the ſtone, which is differently affected by | 
ſueh contraction and dilatation. The famething appears | | 
from other different effects it affords, when its two ſides £9. 
We ct} renee But the Tawmalin, affording / no 4 


3 . 


= 4 ay 
— «4 
— 


- : 4 
1 1 
. * 


| videos.” 
ebe importance: -this- laft 3 


your attention, as it greatly co th 
e ee 1 58 W e 


. menti- | 5 1 

| ned lathe) former-part of. this letter, In was proved, 1 
that there is a reſſlance. exerted at, or near, the ſurface | 1 
of fp Quickſilver, where the light is accumulated, 13 
This refflance, which I end is eſſential to al! 1 
bodies, merits a further. illuſtration z:becauſe the elec- 
tric. phenomena. in general greatly depend u Mrs 
2 bladder is well blown up, 


E it will yeild or give way, and —— its 


Wh which 
e 447 A ITE 


ak, 5 3 


+ a. 
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1 x | 


- 0 
* 1 5 
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i927 
a; Ant ˙· 
will immediately recover its fit fm. 
This yielding or giving way of the ſorm. and then 
afterwards recovering it, proves an elaſtic ſuſtamet eu- 
iſting within the bladder, we pee ho. EN 

where the preflure is employed. | 
3 | 


In like manner when two 
jo glaſſes of two long Telleſeopes preſs upon ech 


other with their own weight only, philoſophers know, 
dy the phenomena of light, that they do not touch: 
and the there muſt be ſomething between the glaſſes 

to keep them 9 They alſo know; by the 
like henomena, that more preſſing is required to 
a contact; and that when the 
1252 endes ** menen 


Kinn ee 
1 Now this yeilding of givin erer 
of the diſtance between ng wiy, | 
iſtence of ſome ' elaſtic ſubſtance between — by 
'' Smcewe find the effects of applying, and 
Nemoeing the preſſure, _— finnilar to the vals with 
the bladder. u ang | 
Hence it is evident that the Guts e fubfance 
or medium cauſes priſms, and convex glaſſes, when 
preſſed againſt. each other, to exhibit ſeveral rings 


of - different colours; by having to i -apon 
ed: and that it oocaſions all bodies e 6 
upon bodies, = 


light at a diſtance, by refleQing, ' refruQting 
diſtance, by — a OT OT FIT -_ 
heating 


inflecting it; and light to act 
chem. Nn 


har: the ae this which 1 gry 440 rol 
ancefaund i in e * 


5 


1 55 „ 15 29 5 
erben a ee b 
the eee eee we ſhould 
frorn its elaſtic principle,” expect it to paſs out agam 
:; whereas the fact is, that it Ne „5 il. 
Len denen, an takes a; confiderable*time in F. i 
_ nat e afpperatusefteftually. | Some poser there- | 
2 hinder the ee at laſt, in ſome meaſure, | " 
eſcaping: and that power mu exerted at,'or { 
| F ys noo roy Bar 2133-11 | | 
To lay it is detained by an attration of the body, | 
will not anſwer the purpoſe : for the/priger which is = | 
ſuppoſed to dra the fluid into it, muſt certainly be 8 | 
to hinder it from paſſing out. Now by the | 2 
experiment, the fluid does paſs out, though ſlowly | 
hid power: therefore; which reſiſts its paiſing out, can | 
be no other than what ariſes from the medium we have 3 a 
pr yed to be ſpread upon the ſurfaces: of bodies. 5 == 
T The evidence in-favobr of this doctrine is greatly | % 
ned by the following experiments, 'the three 
fut of which, ae well gn to electric en- 
irers. l fin} Sell dla $85 
When W \clearified; and held over 27 
as 3 of dealt een ( c) at the diſtance | W 
of fiwor aches there continued for a time, . 13 
the balls are ſepatated to a confiderable diſtance. | 
But upon taking away: the glaſs, the ſeparation 2 9 
det an end, _ there: ae no electric een : a 
in the balls. e | 15 1 5 
2 . argar; that noi art of 1 
* the dlectric fluid, ap e the riches glaſs, 4 
paſſed from it into the wood. And that the cauſe, 
which ohſtructed its paſſage, is a reſiſtance, exerted at 
ox near, the ſurface of che wood: becauſe we know,. 


from a variety af pats, that the repwſfre-Power 
5 


* 


— Fu 4 
” $i ts * 
* As 


balls, in 
- y 0 "i FEEL 
drives the depends pon hs ging to 
the wood, or part of it at leaſt, towards the balls. 
And thou the | repulfroe 3 | ſufficient to force | 

e fluid | | N 
cafon de effets of « fle electricity, (as is fund : 
cones yet the experiment ſhews, it is not ſuf- 

ficient, in the fame ie e to force it out of 
them, ee eee | 

a 21 

If this is not the caſe, nd dhe Gaba hom e 
is ſi to enter to the wood; I would aſk, why | 
the balls do not retain the fluid, or at leaſt ſome an | 
of it, and continue ſeparated when the glaſs is 5 
away ? It would be unphiloſophical to ſay, the — | 
actually ſuffered a quantity of the electric fluid to paſs = 
from it, into the wood and balls; and then, on re- 
moving the glaſs, that it took it away again; or at- 
tracted it "back: becauſe when the ſame. glaſs. is 
brought near enough to the wood, the balls will be 
electrified, and ſeparated ſo effeQually, as to continue 
in that ſtate of ſeparation, after the . 
which proves clearly, that the r | 
only great enough to overcome the refiftance of the 
balls; but even to force out ſome part of the fluid 
contained therein: therefore in this caſe the balls are 
electriſied minus. And this rn 


if Terran oth Ea by Dr. lu and my: | 
ſelf, page 13. 4/1194 24g 


- 


$ e 


We may 2 — ite 8 "IP this rn 5 
tion of the balls. is is occalioned by the expanſive power | 


of the electric . or or ather, crowding from without, 
and through the air, to enter the balls, and reftore the 
gelb, And in like manner that the plus electri- 


city cauſes a ſeparation. of the balls in conſeq 7 — | 


of the ſame: electric fluid, or tber, crowding þ 
within to get out of the balls, and ain thro 
a like quantity of air, in order to 
Fim; for the ſame medium which 
Fart of bodies, muſt refiſt the exit and entrance equally - 
and therefore the ane caſe will be ways the conver 
of. the other. _ 

We have ſeen that on bringing the eleQrified glaſs 
near enough to the wood, the balls are electrified mi- 
mus. If now the circumſtances are changed, wood 
bringing the ſame glaſs conſiderably nearer to the 

and much quicker, the balls are electriſied 1 905 
continue ſo for a conſiderable time after laſs, is 
_ removed *: which is the ſtrongeſt R th Phat, that 
this effe entirely depends the refptance of the 
wood being overcome, and the electric fluid enteri 
the apparatus, by the nearer approach of the glaſs. 
There are then two different methods of cauſing 
| a 8 appearance in the balls. The one, we find, de- 
pends upon an actual entgrance of the fluid, from the 
KB into the wood, &c. And the other upon aquan- 


of the fluid, originally in the wood, being forced 


® The glaſs in this experiment muſt not only be brought. 
e eee ee br * it _ brevis be removed from 
| „ 5 


from 


L454 


PL it into the balls, RY epulfiv | 
| may appertaining to the excited glas. 

Ing theſe experiments we alſo learn, that when, ths | 
laſs is held nearer to the wood, than in the mi 
nd farther frotn it than in the plus ap pearance of te 


firſt experiment, it does Hot 2 any 05 cleric 6 15 


whatever in the balls.” 'Which 'hews a kind of 

lance ſubſiſting between the power! of the gl laſs, and 
the 72/flance of the wood, &. For, if we deviate the 
leaſt on either.” fide from this intermediate diſtance, 
hep effects of the one kind, e pgs immediately | 
take place. 4 


all produce another experiment in 1 of 
3 forces, and of the ballance obtaining between 
them, in certain circumſtances. Pak) expres ' WM 
25 about to 1 © is nece 0 * 
the wbod an $; by proper! ; 2ubbi "hw 
of the ſealing- wax, amber, or Yak, 85 — they 
are affixed. © 
You know then, that if we touch the balls, with 
the hand, we immediately unelectrify them, and the 
wood; but not the amber: and that theſe balls with 
the wood, will continue unelectrified. But if 1 Here 
ever ſo gently againf that 5 of the amber which is 
 eleftrified, the balls will be ſeparated to a confiderable 
 diflance, and continue in de ſtate. On the other 
hand, if the amber bas not been rubbed, no lei 
can be produced by the ſame force of blowing, or even 
by a blaft fix or eight times greater: but if the blaſt is 
conſiderably increaſed, the amber will be electrifiedꝰ. 
By which it appears that in the firſt caſe, the ele#ric 
| Heuer in the amber receives ſuch an additions! Jos from. 


{+ 


es the lever o Dr Heberden, page 5. bo 
e Ooh | | 


NF err Fs | 
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1 tal. 

In frietion of the breath, 38 enables it to de- 
We 5 4 refiftonce at the 
1 wry of the wand, Ea ak Ma 8 
ef r e the gas, r 

Fan: but this enquiry 8 by a very exten- 
"nature, would lead me too 1 buſineſs 
of a letter; I muſt therefore refer you to the works 


quoted laſt. In ſelecting the experiments above re- 
— o prove the 7 ande, I have purpoſely confined 


5 maſt — le and moſt eee You 


4 appertai ning to dailies} 4 . groſs 
matter they contain: e e en NE Pens = 
elaſtic medium which e before proved to exiſt 
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The bells gnd'threads together weigh about he 


5 of a grain. | 
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hole on the under ſide hin · cu. and h 


© ach the wood =. - 0 
c, Which is mahogany. very part 0 
wall pisse of wood is well poliſhed, aud. C 


joined to 
d, he eylinder of amber; which is about four in- 


ches long, and near half an inch thick. It is 
2 poliſhed. alſo, and the other end ſlides 


e, Ern i joi F:by.a 

ſcrew; and the other end of 2 

+, Alides into the upper I the ſtand g. One 
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